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Abstract - 
Objective 

To offer a fILm that raaintmns the excellent iraftsparcocY of synthetic resin films while 
providing said film with high-level anti-droplet properties and good blocking properties, ami 
maintami ng these properties over a long period of time so tot the film can he used in wfcnis. 
fields, such as agriculture, boc4: covers ami commuter ticket covers. 

Constitution 

A layer of Hat platc-forra svnthetic magneski^odiiii^lithimn silicate particles (!) is 
laminated to at least one side of a synthetic resin film. The synthetic nrngittsium/^ 
silicate particle layer endows the film of the present invention wifli hydrophilic properties (anti- 
droplet pittperties). Said particle J aycr is itself transparent, and thus/does not Mack the 
tr^^aitrncy mtri n^c to synthetic fesm films, Con^vcntly^lhe iUm of the present bvention has 
excellent transparency, in adiitkm, the synthetic jn^gnesluriysodiurn/liihiufn silicate particles (!) 
are in contact with ihe synthetic resin rihn over the large surface areas of the plates, said 
surfacesare active, so that the ^articles adhere firmly to said film ami do not readily (low way. 




Claim 

A transparent fi lm with excellent anti-droplet ami blocking properties, comprising a 
synthetic riw^iunb'stKiiimi/lithiimi silicate layer toinated onto at least ooc surface of a 
synthetic resin film. 

Detailed description of the i nvention 
[O00U 

Industrial application field 

The present invention relates to a transparent aim with excellent anti-droplet and 
blocking proxies, and specifically, relates to « film which is endowed with anli-droplet 
properties and blocking pn)perties without compromising the transpareaacy of a synthetic resin 
film (hat can be used in a wide variety of fields such m a^rkulrure, book covers and commuter 
passes, etrjd ^vhich also cm rtainuun these desirable properties at a high level for a long period o 
time. 
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Prior tut 

In the past, various types, of synthetic nesin fi lms having excellent transparency and 
mechanical strength have been used in a wide variety of ileitis such as those described above. 
However, as lit well known, synthetic resin films hirve hydrophobic surfaces and the filrn^f rodily 
stick to each other, prodiitfir$ poor blocking properties, Consequent^ when nsccl as agricultural 
films, water vapor generated by the soil or produce condenses on the ■film surface due to its 
hydrophobic properties. This condensation decreases liyht trarcsmissivity, having a detrimental 
influence m cr p p growth, or causing spoilage due to foiling water droplets. Moreover, due to its 
poor blocking properties, problems occur with vvorfc. operations around gnecnlidu$cs and with 
opening and closing flaps for ventilation in greenhouses. In addition, when the materials cure used 
as films For book covers, or as covers containing commuter passes, licenses or passports (referred 
to below as * l gei)eral-purpuse film^ problems with poor slip properties occur in addition to poor 
blocking properties, und smooth injicrtion and retraction of books, commuter passes* etc, is 
difficult 

In order to endow synthetic resin films with good anti-droplct properties, rcsln contauiing 
a blended anti-droplet agent hats been molded into film, or alternatively^ technologies have been 
developed in \v4iich colloidal silica or alumina is adhered to the Him surface (Japanese Kokiii 
Partem AppIicalionNos. Sho S5[1980)-56I77, Sho 58[!<>S3]-2983I end Hei 2[1990]-U393<>; 
referred Jo below as "anti-droplet technologies^)- 

[0004] 

On the other hand, in order to provide good blocking properties, technologies have been 
developed whereby silica, talc or other inorganic filler agents, or chemicals that bloom 
(indicating a phenomenon wherein the chemical gradually is drawn to the film surface as powder; 
for example., as with ethylene bis-stearamidc) are kneaded into the synthetic resin film in the 
manner dc^ribed above. Alternatively,, technologies have been developed whereby an inorganic 
filling Jigent is adhered to the film surface by dusting or coating in order to provide irregularities 
on said film* thereby ensuring low bloc king as a result of said irregularities (referred to below as 
"blocking improvement technologies"). 



(OOOSj 

Problems to be solved by the invernion 

However* the following problems have ocewnred with the aforenieiitioft«<J:aiiti-droi^ct 
technologies and blacking improvement teehnotogies. 

Anti-droplet, technologies: 

Anti-droplet agents arc hydropMIic, and so an anti-droplct agent that h kneaded into a 
film will Weed to the film Surface (jpbemwienon whereby material gradually exudes in liquid 
form at the surface), After blooming, the material can gradually flow-away due to rain or 
condensed water From the aforctnenhoncd water vapor, and its effects will be prematurely lost, lit 
addition, with technologies whereby colloidal silica or alumina is adhered to the film wfece, Ihe 
silica and alumina will readily wash away for the same reasons as above because they are 
hydrophilfc, leading to die problem of being only temporarily effective. When ihe^crrmterials are 
used in conjunction %vith ® binder, was-h-oway is prevented, but and -drop let properties are 
hindered. Moreover, when colloidal silica is applied to a film surface and dried, the silica 
particle* of the «Hca layer that is formed become microspheres. When pressure is applied as the 
film is wound into rolls at the time of molding, the mim>spheres are easily imbedded ki the film, 
and the ami-blocking properties arc thereby compromised. As a countemteusure, tlie combined 
use of the aforementioned blocking improveineM techtiologies has been considered, but the 
following problems occur with the above blocking toproYcment technologies. 

[0006] 

Blocking improvement technologies 

Inorganic fillers hinder film transparency because 1) they have different indices of 
refraction with respect to synthetic resin films, and 2) they have polygonal cross section* which 
cause mattering of light. Moreover, when inorganic fillers are applied to a iiltn surface using a 
dusting powtier* aventurine-likc dust traces are formed at the film surface when the film is wound 
into rolls due to difficulties with uniform dusting, which causes a decrease in transpan^cy and 
product value. In addition, the effects arc not particularly good when inorganic filler is kneaded, 
and transparency is inhibited when large quantities are kneaded. Although inhibition of 
transparency is resolved when using a granular, spherical material of small grain diameter, 
blocking properties are not improved for the reasons described above. Conversely, if a material 
with a large grain diameter is used, blocking properties arc improved, but tiajisparcRcy is 
hindered. Moreover, with technologies in which a resin containing blended inorganic liller is 
molded m$ down into /film, the filler will separate from the film when the resin is formed into a 
thin film, by drawing due to inferior adhesbn between said filler and resin, resulting in fine gaps 



■0 at separation sites. Scattering pf light occurs at these fi nc gap regions, and film transparency is 
|? greatly, compromised by numerous gaps present over the entire film. This phenomenon .similarly 
occurs during film drawing in technologies in which a paint containing blended inorganic filler is 
applied to a film surface. 

[0007] 

Thepicseniiovcntfori offers a technology that completely solves the above described 
problems with conventional technologies for endowing synthetic resin films wirJi anti-droplet 
properties and imp-roved blocking properties. With this technology, synthetic resin films can be 
crwknvsd with effective anti-dropl^ prop^ili^s m& blocking piopertks while providing a film 
with superior, transparency, and allbwing long-term maintenance of the effectiveness of these 
properties. 

[0008] 

Means to solve the problems 

llic inventors of the preisetit invention, as a result of repeated investigations toward 
achieving the goals described above, found thai when a special silicate compound that forms flat 
plates is used, superior anti-droplet properties and blocking properties can be obtained without 
compromising the transparency of a synthetic resin film, and in addition, that this material can be 
affixed **ith good adhesion to me surfaces of very smooth synthetic resin films, so that the 
material will not readily wash away due to water vapor condensation or droplets, Ihe film of the 
present invention is based on this knowledge, and is characterized in that a layer of synthetic 
iitagnesiurtWiodiunvlithium silicate as the aforementioned silicate compound Ss laminated to at 
least one side of a synthetic resin fi lm. 

(0009] 

Examples of synthetic resins that constitute the base film for the film of the present 
invention include; polyvinyl chloride, copolymers of vinyl chloride monomer and other 
monomers (for example, ethylene, propylene, vinyl acetate, viny lidcne chloride, acrylic acid, 
acrylate ester mcthaco r l*c acid, roethacrylate ester, maleic acid, funmric acid and aerytonitrile), 
blends of these resins and other vinyl chloride resins, polyethylene, ethylene- vinyl acetate 
copolymer, polypropylene, polyester, polycarbonate, pob™diyl methacrylate and various other 
synthetic resins that have been used .id the past as agricultural films and general -purpoije fi lms. 



1 The svrtbetic «*> ** ^ « ,m ^ 

h Composed of an aforementioned synthetic ^ can h»ve a st.uc.urc thai regies bcetonte, 

{0011] 
Smiciure 1 

Where M demotes Na, 

100,21 ** ^em^um^lumflia^ siikate 

primary particle (rented by .a b FfeK 1) is 20-500 -m,.^ obout 

20-100 nm being .he height (repr^cnlcd by b in Figure 1) .s about 1 nnv 

,M» a^tc "hen * *, form, but .hen ^tap^U, . 

^ as ^vn in F^urc -2. As a result, there is a K^i^J^^^ 
serial is «BH*r*d into prtony thus forming a am* coIIokL At *. 

L ir^ihefissuie) adsorption characteristacs <sf said grains. When the concentration of the synthetic 

associate, to contest, d* grata an' close to each other when the symhetic 
^gnoaium/sodiumnithium silicate concur, is high (or in other *or^ when the 
JLri* of iota in the ««r is high), -> ^^^^^^d^Pf 
L type shown to F.gure 3A and 3 B me fomwd, leading to a.gp] cc-nd.uon. When the synthetic 

nTtiv, charge decreases, *j pfcrte. ^ce-to-edge binding is *.*> weakened. Ms to 
aggregndonorg^nsdueto^ derWnals for** and lossof tnfflSparen^ 



■10014] 

The present invention employs the properties of this synthetic mftgncsiurn'sodiwrn/lithiimi 
silicate, and involves the hrnii nation of this material to a synttiettc resin film as a layer of 
synthetic magntsium^diuraniihium silicate- of low concentration. Specifically, synthetic 
magnesi um/sodi uiti/l llbittm silicate that has been uniformly dispersed in water; a mixture of 
alcohol and water, or mi emulsion (all referred to belowas "dispersion medial at a 
concentration of 0-1-5 wlH, with 0.3-2.6 wt% being preferred, is applied an J dried on the surface 
of a synthetic resin film by gravurc coating, rod coating or other mating means at art application 
thickness oFO.03-3.0 g/m Jaic] {dry thickness), with 0,1 5-1.5 .g/ffl (dry titleless) being preferred. 



[0015] 

With the ^thcik magrKrsium^ silicate layer produced on the synthetic 

resin film in this manner, the particles do not assemble as shown in Figure 3, but rather, adhere to 
the film surface in primary particle -form. Consequently, said particle layer itself has excellent 
transparency, and does not block the transparency of the synthetic ream film. If the concentration 
of ihe synthetic magnesiiirn/srxliumlithutm silicate in the disrxssrsion medium is too low, 
numerous applications will be required in order to obtain Urj above application thickness, which 
is inefficient. On the other tend, if ihis concenimtian is toohigh.it will not be 'possible to obtain 
a transparent synthetic niag^csitim^soxliimi/lithiurn silicate layer. If the coating thickness is 
greater than indicated above, a noiKransparcttt layer will be produced, whereas if the thickness is 
too small, the amount of adhered synthetic m^esilml/sodiUmAithitlin silicate will be 
insufficient, and the anti-droplet projjcrtics and blocking properties will be poor. 



l»D16] 

in the dispersion media described above, methyl alcohol, ethyl aleohoL propyl alcohol 
and other alcohols can be used as, the alcohol of the wafer-alcohol mixture. These alcohols have 
qualities whereby they improve coating properties. If the amount of alcohol is too smal l, there 
wjll be no effect whereas if the amount is too great, gel formation win result. In the present 
invention, the alcohol is used at 1-50 parts by weight with respect to, 100 parts by weight of 
water, with 2-10 parts by weight being preferred Examples of emulsions include Planets that 
arc commonly used such as acrylic and urethanc sterns. Moreover, in order to improve wetting 
with respect to the base, surfactant can also be added. In this case, it is preferable to use a 
nonixmic surfactant because the aforementioned particles are charged. The resin used in these 
emulsions has the effect of an adhesive at the time when the synthetic 

magnesiurWsodium/Uthiurn silicate particles are affixed to the surface of the synthetic resin film. 
If the resin content is too low, this effect will be lost, whereas if the content U too high, it will be 



difficult to sufficiently manifest good blocking prevention properties. In the present invention, 
the substance is used at 1-1 5 NVSir(nonnaJ ..volume %)< with 3-10 HV% being preferred. 

10017] 

Thu5> the synthetic .raagneaumf^ium/Jktiiuni silicate particles arc ilm plates as shown 
in Figure 1, and the plate surface an: chnrged negatively in the above .dispersiori rnedia as shown 
m Figure 2. As & result, a strong coating film is farmed on flat synthetic resin films doe to the 
activity of the piste surfaces thai presumably results from this charge, along with the large 
surface area of said plate surfaces. The synthetic !ijagnesiuin/$ociiiim/lithhini silicate particles 
that are firmly adhered thus fwm uneveu regions «n the surface' of the smooth synthetic resin 
film, and eliminate the tacky feeling from suit! -film, thus endowing the film with good blocking 
properties. 

[0013] 

In the present invention, aoti-droplct agents can he added beforehand to the 
aforementioned base film, examples of which include sorbitaii menostearatc, sorbitan 
monopahtiitate^ sprbiian monofei^enatc and other sorbitan-based surfactants, glycerin 
monolauratc, glycerin rnonasteoratc and other gryemo-based surfactants, polyethylene gfyeol 
mf>m>stc3Jate, potyelhylene glycol monopcilmimte and other polyctliylene glycol-hascd 
surfsctantSi, and alkyi phenol alkylene oxide addition products. There will be no effect if the 
amount of anti-*irop!ct agent used is too smal l, whereas costs wi ll increase if the amount is too 
large. Consequently, in the present invention, it is appropriate to use an amount of about 0,5-5 
PHR (abbreviation for 'Mparts per resin"; for example, the blend ratio taking the amount ofPVC 
as 100)* vvilh 1 .5-2.5 PHR being preferred. Various types of chemicals can also be added to the 
base film in ranges in which transparency is not compromised (for example, ultraviolet 
ar^rbenv light stabilizers, anti-fog agents, antioxidants, colorants, anti-mold agents flame 
rdardaats ; fctabilteers and lubricants). 

[0019] 

Operation of the invention 

With the film of the present invention, the synthetic magnc^unVscKJium/lithiurn silicate 
that h laminated to at least one side is intrinsically hyunmhilic, and thus provides hydrophtlic 
properties (small water contact angle)- Consequently, when water vapor generated by soil or 
produce condenses on the film of the present inveittiou, water 4replcts are not formed, and 
moreover, the water, droplets join together to form a film of water. Moreover, the aforementioned 
particles of synthetic rnagncsiian/sc*hu^ silicate that are adhered to the surface of the 



film of the present invention form uneven regions on said surface, and eliminate the tacky fee) oi 
the base fifo. By providing these uneven regions and cUmirwling the tacky fed. the film of the 
present invention is endowed wuh good Mocking properties. 

[0020] 

In addition, the synthetic magriesiurrV^ium/ljtWtim silicate particles do not aggregate 
together, but remain in the primary particle state. As a result, a good dispersed condi'tkM is 
m^n^mdm m ^^mht^om^m^^sytO>c6c^ f.lmsirrfaccto form a 
particle layer. Consequently, the intntisic transparency of the particles isnoi tost in the part.cte 
layer. Although the reason is unclear, in spite oftte difference in ihe inrfes of «ftaction between 
said particJes and synthetic resin film, the film oftheprescrrt»nve«iionmaintairchieh 
transparency ^ihout loss of the superior tt^ar^ unrmsic to synthetic resin fi lms. 

(0021] 

Thus, the 3 ynth<rtic aaer^wm/soditunrtithwm silicate particles, as described above, 
ensure a large surface area of contact between the filiate surfaces of said panicles and the base 
film, and also provide a strting adhesive strength vvith the base film due to sctivily presumed to 
Ksult from (he negative charge at the surfaces of said pla.cs.For this reason, with the film of the 
present invention, a synthetic mwiurn/sodiunvlithit.rn silicate particle layer is formed that 
adhere with high strength tfl *e smooth synthetic resin film surface. As a result, the layer has 
suptrior durability and does not readily flow away doe to water vapor coidmsatbn ot nun 
droplets- 

10022] 

Application examples 
jjjjilirfltKtti FjuuiipIc 1 

AcoMinghaving the composition shown in Table 2 was applied with a rod coaler at a dry 
c^lirtg thktae^ of ft3 g/m to both surfaces of a base filmwth a thickness of 0.1 mm composed 
of a resin blend having Ihe composition shown in Table 1 . After drying for I mm at 100«C, a 
synthetic ntagnraun^sodhra^ithiirm silkate particle layer has been laminated thereupon to 
obtain film (1) of the present invention appropriate for general-purpose use. 
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:[0023] 
table 1 

1*VC (average degree of polymerisation: 130D) 
DOV (plasticizcr) 
TCP (plasticixcr) 
Epoxilled soy oal (piastici^r) 
Ca-Zn stabilizer 

Metbylcnc-bls-siearainidc (lubri'cajii) 

[0024] 
Table 2 
Water 

Ethyl alcohol 

Symhetie magi^ium/^xlitiiYi/lithiuin silk^te 
(Nippon Silica Kpg>x>; product name Labomte RD; plate 
diameter (d in Figure 1); 20-30 nm f height (h in Fi#ire 1): I nm) 
Nonbttic surfactant (Polyoxycthylcne nonylphenyl ether, 
ircmufactured by Nippon Yushi; product name Noriion NS-202) 

[0025) 

Film {1.5 of the present invention ofctairied as described above wa* evaluated in terms ot 
anti-droplctpropemes, blocking properties and rransportficy using the evaluation categories and 
criteria shown in Tables 3-5. The remits are shown in Table i 1 > 

[00261 
Table 3 

Evaluation of anti-droplet properties 

The fflmyw suspended over a warm water bath at 35^ and was transferred to a room 
1 5°C where it was left for 30 days, The water droplet adhesion condition of said film was Owen 
evaluated visually according to the foDdwing criteria. 
6: Wetted with a film of water 

Some droplets, but generally wetted in film form. 
A: Fair number of adhered water droplets. 
X: Water dropkis adhered over entire surface 



.100 ports by Wight 
45 parts by weight 
7 parts by weight 
2.0 parts, by wei&ht 
2 parte by weight 
6,02 part by weight 



1 00 parts by weight 
10 parts by weight 
1 port by weight 

0,1 part by weight 



t 



Table 4 

Evaluation of bluing prevention (slippmj;etli€s) 

Paper was layered to form m M rf« 'Magazine, and after c*tif$ film pieces, a welding 
pn*eu was «nM out to produce. a book covfcr. The ease ofms^tum and m^valofthc 
magazine was evaluated. 

O; Smooth sliding was possible ^ithmot any particular raistance* 
□ : Sm<>oth ^kHrig wiiho«( any practical problem*. 
A : Not very smooth: sliding difficult from a practical standpoint. 
X: Sliding difficult. 

[0028] 
Table 5 

Evaluation of transparency 

The boundary betuwi the coaling and unfitted surface was observed vitally and 

evaluated wording to the following criteria. 
Q: No boundary seen. 

□: Boundary seen, but the- s«* uaifflwericy observed in the citing and uacoated surface. 
A : Boundary clearly seer., and swttering seen with coating, leading to whitening:. 

[00.29] 

reparative Example 1 . 

2 0 1'HR of talc (average pnrtkle diameter 5 jim> was added «• «*. base ™™ rcs,n Wend 
shown in Table 1 of Application Example 1, and the material was dim 3*.lo produce a Q;1 mm 
comparative film (1). ft» cwnperativefilm (1) >«* evdwHed in terms of anti-dropiet properues, 
slip properties and transparency in the same manner asm Application Example I, and the results 
are compiled in Table 1 1 

(00301 

Appl^«o n J^^^ ^ aMfoMn iriTabJe ? ^ appHed using a rod coater at a 
dry thickness of 0 7 g/m w both surfaces of a 0.1-mra base film composed of a resin blend 
having the composition shown in Table 6. After drying for 1 min at 120X, a synthetic 
magn^ur^sodhunTlithitMri silicate particle layer w* tainted thereupon to obtain film (2) ot 
die present irrvention appropriate for agricultural use. 



i , .. lOOpaTts by weight 

PVC .(»«*. degree of ^ymcn^on. bOO) 4 6 pons by w e i 8 W 

DOPCplasticizer) 5pam by weight 

rXP (ptotickcr) 2.0 ports by ^ight 

Epoxy fein (plastics) 1 5 ^ by weight 

Ba-MWto & 2>»rt.by weight 

Flucwinc-sysUsm .sutfac4am 

(Prodis VW* Sarflone S-393. wamrfte^ by Asahi Glass) 
10032] 

Tabic 7- 100 parts by wight 

AervHc emulsion (NV 5/») . - 

Acrytiv citiuiaiv 1.0 parf b> -weight 

Synthetic magr>esium, ? scKHmn,1ithium silicate 
(rone as substance used in Application Example 1) 
Nonionic surfactant 

(same a* sufatencft vised in Application Example I) 



0 J part by weight 



1 \ M 

9, and die results arc compiled in Tabic VI.. 
10034] 

observed &om outside the tunnel * 

®: Ttxt clearly visible. 

O: Text was bhmy „ but easily Tcod. 

A: T«xt- coxild not be read 

X: Presence of text unclear. 



/ 

Tabic?' 

EvaUalktti of blocking properties Mftf .fc;„ tf 
Tte film «n Iheslcte-woll oTtaiflri.li*li« i«s.qp««l ui;tl«mo«»fo and tte MocKmB 
potato *w evnMed by the level of t^i^.vvlicn cl,^ in tbc «. E^lu^on ^ 
carried ottta5Ku«IUg to the following criteria, 
€>: Slight tackiness, closed with minimal force. 
0; Some tackiness: readily closed. 
A i Tackiness^ diiFtciilt to close. 
X; Higlity tacky, .time required for closing. 



Comparative BM ffiBlgJ* j r>u*w*. 

%*5e con^tieaahown A Tobi* 1*~ appl.d to bo* «1 the^c 
film us*di« JS^'M* the same ccrvditi^ as in Ap^pte 2. and 

d»p*d was Ori^pUto . 

«ri transparency of companUi- film (2) were evaluated in the *n. m^r as . 

Application Example 2. and the .remits arc sho^n in Table \ I , 

[0037] 

Table! 0 too parts by weight 

Acrylic emulsion (NV 5%) r ' 

1.5 parts by weight 
Silica ponder [ 

. - , 4 t 0J pt«t by weight 

Nomomc surfactant 

(same as materia used to Appitat* 041 Example 1) 



/ 
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Table 1 1 
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Key: 1 Anti^roplot properties 

2 Blocking properties 

3 Transparency 

4 Film (1) of the present invention 

5 Comparative film (I) 

6 Base film of Application Example 1 

7 Film (2) of ihc present invention 

8 Comparative ftlrn (2) 

9 Base film for Application Example 2 and Comparative Example 2 

As is clear .from Tabic 1 1 , the ft 1ms ( 1 ) and (2) of the present invention exhibited good 
anti-droplet properties, blocking properties And rmntspaierKy. Comparative Rim (2) had good 
MrtJ-droptet pioperfe and transparency; but was. found to have low blocking nsistmice. 

[0040] 

Effects of the invention 

As described above, the present invention can endow synthetic resin films with good 
anti-droplet properties and blocking resistance without any loss in the transparency intrinsic to 
said Rims. Moreover, these described properties can be retained at a high level over long periods 
of time. As a result, the film of the present invention allows for smooth insertion and removal of 
a book or commuter pas* when it is used as a generai-purpoae film for book covers or commuter 
pass cavers. to. addition, when used as an agtfcaHirml firm, the .film has the effect of &dlitaung 
greenhouse operations and the opening or closing of flaps tor ventilation in greenhouses 



Brief ciegtenn : 

Figure J is a diagram (Nat elucidates toe form of the synthetic mag^cshimMt>aiuTn/liihjuru 

silicate particles used In the film of the present invention. 

Figure 2 is an explanatory diagram presenting the charged condition of the synthetic 
magncsiiim/sbdiiim/lithium &ilkale panicles of Figure 2 {sic; Vitre i) in water. 

Figure 3, a diagram showing ■inidftctions between the synthetic 
m^aestuiii/sadivin/lithHffli silicate particles t&own in Figure 1. 

Rxpianati<m of symbols 

] Syndetic. magnesiiini/sodiat^Uthiuro silicate particles 





Figure 3 



